SUMMARY -Articular eminence inclination (AEI) of the temporomandibular joint leads the mandible in its movements. Th erefore, the aim of the present study was to determine AEI values in medieval (MP) and recent (RP) Croatian population. Th e study was carried out on two groups of specimens: fi rst group with 30 MP human dry skulls, while the other, serving as control group consisted of 137 dry skulls. Th e AEI was measured on lateral digital skull images as the angle between the best fi t line drawn along the posterior wall of the articular eminence and the Frankfurt horizontal plane. No statistically signifi cant (p>0.05) diff erences between the left and right side AEI were found between MP skulls and RP skulls. Th e mean value of MP AEI was 45.5˚, with a range of 20.9˚-64˚. Th e mean RP AEI value was steeper (61.99˚), with a range of 30˚-94˚. Diff erence between the mean MP and RP AEI values was statistically signifi cant (p<0.05). Values of AEI vary a lot. Nonsignifi cant diff erences between the left and right side AEI confi rmed the natural left-right side asymmetry. Th e values of AEI diff er between the RP and MP groups, most probably due to diff erent type of food consumption in medieval time, and consequently diff erent masticatory loads and forces.
Introduction
Th e nature of human masticatory system (development, morphology and physiology) is very complex. Masticatory system includes organs and structures which are primarily functioning in mastication 1, 2 . Mastication, the action of breaking down of food, preparatory to deglutition, is one of the most important functions of the masticatory system 2 , thereby multiple muscle groups interact and produce forces 3 . Mechanical loading (masticatory forces) is transferred onto the osseous components of the system, and, at least in part, through the temporomandibular joints to the cranial base, consequently aff ecting the process of bone remodeling.
Human temporomandibular joint is an integrative component of the masticatory apparatus, one of the most complex joints in the human body, and is still the subject of extensive investigations and controversy 4, 5 . Th e temporomandibular articular surfaces are highly incongruent, which means that the upper and lower surfaces are diff erent in shape and size. Th is incongruence is passed by cartilaginous articular disc which is able to move together with mandibular condyle along the articular eminence. Considering its morphology, temporomandibular joint allows a large range of mandibular movements and consequently transmission of forces and loads on the skull base 6, 7 . Th e articular eminence is therefore made up of thick and dense bone, which is suitable for loadbearing 8 .
Skeletal structures of the temporomandibular joint undergo remodeling throughout the life 9 . Th e morphology of the articular eminence, glenoid fossa and mandibular condyle depends on numerous factors, such as changes in dentition associated with aging (tooth loss, attrition and/or increased function), degenerative changes of the glenoid fossa, masticatory stress, craniofacial growth, gender, ethnicity and the relationship between the fossa and the eminence in relation to the facial structures 4, 6, [10] [11] [12] [13] . Its functional morphology also depends on the morphological changes of the cranial base during ontogeny and hominid evolution, and mechanical properties of the craniofacial skeleton (environmental factors, food consistency and toughness) 4 . In a primate model, the temporomandibular joint is loaded during diff erent types of activities such as drinking, screaming, biting and mastication 14 . An important element in the biomechanics of temporomandibular joint and the entire masticatory system is the posterior wall of the articular eminence. Th e slope (fl atness or steepness) of the posterior wall of the articular eminence and its inclination determine the condylar path, which leads the mandible in its movements 7, 11 . Articular eminence inclination (AEI) is defi ned as an angle formed by the posterior wall of the articular eminence and some horizontal plane, e.g., Frankfurt horizontal plane 11 . At birth, the articular eminence is completely fl at, which means that the articular eminence in humans is developed almost entirely postnatally as the result of function. Th e AEI appears to increase with age 7, 11, 15, 16 , and full inclination is reached by the age of 30 years 11 . Interpretation of archaeological material is an important step in the attempt to reconstruct past lives. Th ese data could help in understanding what people ate and how they lived 17 . Little is known about AEI values in medieval population. Th ere is a diff erence in feeding behavior and the type of diet consumed in medieval and in modern time. Consequently diff erent biomechanical forces (masticatory forces) aff ect teeth, jawbones, temporomandibular joints, as well as the AEI, and the entire craniofacial system. In the medieval period, the Croatian population (especially in east Croatia) was mostly agricultural, and the food was more soft with much soluble material 17, 18 . It is assumed that chewing such a food required lower masticatory forces and wide lateral mandibular movements. Th erefore, specifi c hypothesis was established: there is a difference in AEI between medieval and recent human population. Th e aim of the present study was to determine the values of AEI in medieval population (MP), and to compare the measured values with the values in recent population (RP).
Materials and Methods
Two groups of human dry skulls were included in this study, with a total number of 167 specimens. Th e fi rst group consisted of 30 dry skulls stored in the Anthropological Center, Croatian Academy of Sciences and Arts in Zagreb, Croatia. Th ese skulls are part of a bigger sample which was not fully suitable for use in this study due to diff erent levels of damage. Th e skulls were excavated at the end of the 19 th century and the beginning of the 20 th century from four early medieval cemeteries (10 th -11 th centuries) in Croatia. In this group of skull specimens, age range was known (30-55 years), but gender was not determined. Th e other investigated group consisted of 137 dry skull specimens (which served as a control group) taken from the osteologic collection (20 th century) of the Institute of Anatomy, School of Medicine, University of Zagreb. Th is group of specimens had complete data on age and gender. Th ere were 93 male specimens and 44 female specimens from 18 to 88 years of age. All selected specimens from both groups were without damage in the measured area (articular eminence, articular fossa, acoustic external meatus and orbitae).
Skulls were photographed (lateral view) from a distance of 35 centimeters using Olympus C-770 camera (Olympus, Tokyo, Japan), which was placed on a table camera holder (Hama, Mannheim, Germany). All the skulls were placed on a fl at camera holder surface and lined on the underside with condensation silicone impression material (Optosil, Heraeus, Hanau, Germany) to obtain a symmetric orientation of the sagittal plane parallel to the surface of the table camera holder (perpendicular to the camera lens). Photographs with lateral views of both sides of the skulls were taken for each specimen to perform measurement of the AEI 19 . Th e measurements were performed on digital images using the software application VistaMetrix (Skillcrest LLC, Tucson, Arizona, USA). Th e AEI was measured in relation to the Frankfurt horizontal plane. Two points, Porion and Orbitale, were marked on the digital images. Porion is the highest point of the acoustic external meatus and Orbitale is the most inferior-anterior point of the orbital rim. Th e Frankfurt horizontal is defi ned as a line connecting the Orbitale and Porion points 20, 21 . Th e AEI ( Fig. 1 ) was then defi ned as the angle between the best fi t line drawn along the posterior wall of the articular eminence and the Frankfurt horizontal plane 19 . Using the VistaMetrix software, the values of the angles were measured and expressed in degrees. Th e results were statistically analyzed using the SPSS 15.0 (SPSS Inc., Chicago, Illinois, USA) software by the method of descriptive statistics, and diff erences between arithmetic means were tested for signifi cance by the independent-sample Student's T-test.
Results
Th e MP skull specimens were aged 30-55 years, mean age 42.5±6.02 years. Th e RP skull specimens were aged 18-88 years, mean age 45.7±7.30 years. Considering gender distribution, the RP human dry skulls included 93 (67.9%) male and 44 (32.1%) female specimens.
Th e mean value of the left AEI measured in MP specimens was 45.75˚, while the mean right MP AEI value was slightly and nonsignifi cantly lower, 45.1˚ (p>0.05). Th e mean value of AEI measured in all MP specimens was 45.5˚, with the range of 20.9˚-64˚ (Table 1).
Th e mean measured value of the left AEI in RP specimens was 61.77˚, while the right side AEI was slightly and nonsignifi cantly higher, 62.2˚(p>0.05). Th e mean AEI value of all the RP specimens was 61.99˚, with the range of 30˚-94˚ (Table 1) .
Since the diff erence between the left and right AEI values in both MP and RP groups of specimens was small and not statistically signifi cant (p>0.05), all the measured left and right side values were categorized into two larger groups (all MP and all RP specimens).
When the left side AEI values of MP (45.75˚) and RP (61.77˚) specimens were compared, the diff erence was statistically signifi cant (p<0.05). Statistically signifi cant diff erence was also found on the right side AEI between MP (45.1˚) and RP (62.2˚) samples (p<0.05). Comparison of the mean value of all MP (45.5˚) and all RP (61.99˚) specimens also yielded a statistically signifi cant diff erence (p<0.05).
Discussion
Due to the complexities in morphology and movements determined by its morphology, the human temporomandibular joint is often a focal point for investigation and discussion 22 . Richards 5 has stated that the morphology of temporomandibular joint is related to the morphology of the system with which the joint is 22 . It can be assumed that all the factors that aff ect the temporomandibular joints also affect the articular eminence and its inclination. AEI as an important element in the biomechanics of temporomandibular joint was studied by using diff erent materials and methods, and therefore highly variable values were obtained [5] [6] [7] 9 . For example, the path of movement of the condyle during protrusion corresponds to the contour and height of the eminence. However, with this method, the value of the height and angle of the eminence may be indefi nite because of the presence of the incongruous disk 6 . Other methods can also have their own limitations, e.g., measurements on models taken from an impression of the fossa or direct measurement carried out on dry skulls, measurements performed on arthrograms, panoramic radiographs, tomographic radiographs, cephalometric radiographs, scaled photographs, etc. 6, 15 . Th e measurements are diffi cult due to the complicated structure of the articular eminence and glenoid fossa which consists of many small and complex curved surfaces. Usually two diff erent methods are used for AEI measurements 15, 19 . One method is to measure the angle between the best fi t line on the slope of the eminence and the Frankfurt horizontal plane, while the other method is to measure the angle between the Frankfurt horizontal plane and the line connecting the roof of the fossa with the highest point of articular eminence. Although both angles represent the AEI, the fi rst angle (best fi t line-Frankfurt horizontal) focuses primarily on the posterior surface of the eminence, whereas the other angle (fossa roof-eminence top, Frankfurt horizontal) focuses on the location of the eminence crest relative to the fossa roof 15 . Th e former method (best fi st line-Frankfurt horizontal) was used in the present study because the posterior slope of the articular eminence is easy to observe (and measure the inclination), and represents the actual but simplifi ed condylar path 19 .
According to the results, there was a wide range between minimal and maximal measured values, ranging from 30˚ to 94˚ among recent specimens and from 20.9˚ to 64˚ among medieval specimens. Gilboa et al. report that the AEI values usually vary from 21 to 64 degrees 21 . Koyoumdjisky 23 measured the inclination of the anterior wall of the fossa and obtained a mean value of 47.6˚, while Zoghby et al. 24 found a mean value of 47.46˚ using the method of mechanical axiography in study participants. It has been reported that the normal value of AEI in adults is from 30˚ to 60˚. AEI values smaller than 30˚ have been characterized as fl at, while those greater than 60˚ have been characterized as steep 15 . Th e results of various studies correspond to this range and are similar to the values recorded in our study 21, [23] [24] [25] [26] [27] . In both the medieval and recent sample groups, diff erences were found between the right and left joints. Jasinevicius et al. 7 report steeper right AEI values. Th is fi nding corresponds to the AEI values recorded in RP specimens in the present study. Conversely, in a group of MP specimens, the right side values were slightly lower than the left side values. Th e diff erences observed could probably be caused by the predominant masticatory usage of one jaw side, and a consequently diff erent distribution of the biomechanical loading in the right and left temporomandibular joints. During mastication, transportation of food from one side to the other is necessary, but the one side preference is a well-known and relatively consistent phenomenon 4, 28 . Th e diff erence observed in AEI between medieval (45.5˚) and recent (61.99˚) specimens was statistically signifi cant. Th erefore, the results obtained confi rmed the assumed hypothesis about diff erence in AEI values between MP and RP human populations. Both skull populations were ethnically homogeneous. Diff erence between the two populations was in their lifestyle and type of food consumed. Th e early medieval MP population was intensely agricultural with a high consumption of cereals, a food that was not so hard and contained much soluble material 19 . As a result, lower masticatory forces were needed for food processing. In such conditions, remodeling of joint components was less pronounced. If the food is harder and tougher (e.g., meat), stronger masticatory forces are needed for chewing, which is more typical for recent population. Glenoid fossa appears to undergo remodeling in re-sponse to the patterns of forces generated during the mastication function 29 , and with stronger forces, the fossa becomes deeper, whereas the AEI becomes steeper. Th e anatomy of the temporomandibular joint exerts an important infl uence on the magnitude of the lower jaw movements 7 ; therefore less pronounced articular eminence with a lower AEI allows greater freedom of movements 19 . According to this, a wider range of lateral mandibular movements with lower masticatory forces was typical in processing the 'medieval' diet.
Th e AEI values can vary a lot. Th e range of values is wide and it diff ers inter-individually. Environmental factors related to the type of diet and masticatory forces may aff ect the joint morphology and AEI, therefore lower masticatory forces are connected with shallower fossa and lower inclination. However, owing to the method of measurement employed and variability of the results, the values obtained could be used as orientational information that may prove helpful in setting articulators with the mean values of condylar path inclination, while further measurements (investigations) are needed to support these fi ndings.
